CL 
lU 




EuropSlIsches Patentamt 
European Patent Office 
Office eiirop6en des brevets 




® 



0 Publication hUmben 
EUROPEAN PATENT APPLICATION 



0 451 550 A2 



® AppDcafion number: 91104197^ 
(§) Date of fiHng: 19.03.91 



® tat OA C07K 7/06, C07K 7/08, 
C07K 7/10, C07K 15/00, 
A61K 39/00, G12N 15/37, 
C12Q 1/70, G01N 33/569 



©I Priority: 20.03^ EP 90105222 


® Appncant BEHRINGWERKE 


@ Oateof publfcatiohof applicaUon: 


AkUengesellschaft 


Postfach 1140 


16.10^ Bulletin 91/42 ' 


W-3550 Marburg 1(DE) 


@ Designated Coatracting States: 


® bwenton MQIIer, Martin, Dr. 


AT BE CH DE DK ES FR GB OR IT U Ul NL SE 


Husarenstrasse 14 




W^OO Heidelberg(DE) 




Inventor: Glssmaiin, Lutz; Prof. Or, 




PIrolweg 1 




W^908 Wlesloch(DE) 




0 flepresentative: Klein, Otto, Dr. et al 




Hoechst AG Zentrale Patentabtaliung 




Postfach 80 03 20 




W-6230 Frankfurt am Main n(OE) 



® Seroreactlve epitopes of human Papillomavtnis (HPV) 16 proteins. 

® The present invention concerns sworeactfve ^>itopes of the human Papillomavirus (HPV) 16 proteins E4. 
E6. E7 and LI as well as peptides containing such epitopes and the use of these peptides for the production of 
a vaccine and a diagnostic kit 
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This Invention relates to seroreactive regions on the human Papillomavlnjs (HPV) 18 proteins E4. E8. 
E7 and L1 • 

This invention furtttenmore relates to vaccine containing peptides witti sequences embracing those of 
such seropositive regions as well as diagnostic Wts containing peptides witfi sequences embracing tfiose of 
6 such seropositive regions. 

The HPV16 is a type of tfio human Papillomavirus which has been first described In Proc. Nati. Acad 
Sd.. USA 80, 3813-3815 (1983). 

The DNArsequence and tfie genome organization of HPV 16 have been pubOshed In Virology 145. 181- 
185(1985). 

TO HPV16 Is closely related not only to benign lesions of tiie anogenftal tract but also to mafignant c£&tcer 
of tfie uterine cervix, penis and vulva. In addition HPV16 can also be found in genital scraps obtained from 
clinically asymptomatic individuals. Uttie Is known about tiie immune response to Infections by HPV16 and 
Papillomaviruses In general. In first experiments human sera obtained from STD patients, from patients 
suffering firom cervical cancer as weR as firom heafthy individuals were tested for tiie presence of antibodies 
75 directed against viral proteins. These proteins were expressed as fusions wftti dWerent prokaryotic peptides 
Knked to tfieir N-terminus and used as antigens in Westem-Btot experiments. This test Is relatively tedious 
tfius preventing a quantitative analysis of targe serum collections. Moreover, due to tiie rolatodness of tfie 
different Papiilomavinis types, crossreactivity of antibodies cannot be excluded. 

The object of tfie present invention is tfie Identification of viral structures of HPV16 which may be used 
20 as tools in tfie prophylaxis, diagnosis and ttierapy of HPV16 dependent human diseases. 

The knowledge of siH:h domains Is tiie prerequisite fbr ttie estabOshement of a peptide EUSA to be 
used for large scale screening of human sera. 
The present invention therefore concems: 

- Seroreactive epitopes of tfie HPV16 protein E4 characterized by one of tfie following aminoadd 
& sequences 

I. IPKPSPWAPKK 

II. KPSPWAPKKHRRLS; 

- seroreactive epitopes of tfie HPV16 protein £6 characterized by one of tfie foilovring amino add 
sequences 

00 I LSRHf=MHQKRTAMFQDPQERPRKLPQ 

IL AMFQDPQERPRKLPQLGTELQTTIHDIILEC; 

- seroreactive epitopes of tiie HPV16 protein E7 at tfie genomic region E7-221 characterized by one of 
the following amino add sequences 

I. PTLHEYMIDLQPETTDLYCYEQ 
3S IL HEYMLDLQPET 

III. TLHEYMLDLQPETTD 

IV. EYMUDLQPETTDLY: 

- seroreactive epitopes of ttie HPVie protein E7 at tfie genomic region E7-107 characterized by one of 
the following amino add sequences 

40 L DBDGPAGQAEPDRAHY 

II. GPAGQAEPDRAHYNI; 

- seroreactive epitopes of tfie HPV16 protein LI at tfie genomic region L1-809 characterized by tfie 
amino add sequence 

PLLNKLDDTENASAYAAMAGVDN; 
45 - seroreactive epitopes of tfie HPV16 protein LI at ttie genomic region L1-830 characterized by one of 
the following amino add sequences 

1. l(rrSICKYPDYIKMVSEPYGDSLFf=YLRREQMFVRHUFNF^^ DDLYIKQSGSTANLASSNYF- 
PTPSQSMVTSDAQIFNKPY 
• seroreactive epitopes of tfie HPV18 protein LI at ttie genomic region L1-842 characterized by one of 
50 tfie following amino add sequences 

L KHTPPAPKEDOPLKK 

IL AIACQKHTPPAPKEDDPLWCnrWEVNLKEKFSADLD 

III. LKKYTFWEVNLKEKFSADLDQF. 

The present invention forthermore concems: 
55 - Peptides characterized In tfiat tfiey contain one or several of tfie above seroreactive epitopes; 

- a vacdne characterized In that It contains one or several of tfie atxyve peptides; 

- a diagnostic kit for tfie identification of spedffc antibodies against HPV1 6 E4. EB. E7 or LI proteins 
characterized in tfiat It contains the above peptides; 
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- monoclonal antibodies characterized In that they have an affinity to the raroreactive epitopes of the 
human HPV1 6 proteins; 

- a diaignostic Idt which contains such monoclonal antibodies; 

- a diagnose agent containing such monoclonal antibodies for the Identification of HPV1 6 specific 
5 proteins; 

- the use of the above peptides for the production of the 

In order to Identify seroreactive epitopes vyitiiin ttie proteins E4, EB. E7 and LI of human Papillomavirus 
(HPV) type 16 the experimental approach described in Science 228, 1315-1317 (1985) was chosen. Short 
fragments of the viral genome were randomly cloned Into the gene III protein of the single stranded DNA 

10 bacteriophage fd. Posfflve recornit)lnants were identified by Immuhbstalnihg witti ttie approprikle antisera 
prepared against bacterial fuslbri protons (Virology. 145. 181-185 (1985)) and the epitopes were determined 
by sequencing of ttie Inserted DMA. Due tb some background reactions probably depending upon ttie 
quaB^ of ttie antiserum used only a proportion of ttie initially identified recomblniants could be verified in 
subs^uent tests arfter Isolation and replating. 

IS In the cases of repeatedly positive recombinants, however, this method proved to be highly specific as 
only sequences from such open reiading frames (ORF) were found against which ttie antiserum was 
originally prepared and in most instances tfie respective sequences were identified repeatedly (see Table 
3). Except for the E4 and LI ORFs Independent overlapping clones were found forther underOning ttie 
roilabiiity of ttie expression "library metttod*. Additional support was provided by the foct ttiat Identical 

20 results were obtained wItti (fifforent antfsera prepared In Individual rabbits or even with sera derived from 
different species. The epHbpe 221 of ttie E7 protein was also identified by monoclonal antibodies* Moreover, 
syntfietic peptides derived from ttie E7 epitope 107 and from the E4 epitope were found to react wItti a 
number of human sera. 

In case of the £4 OFF only one type of positive recombinants could be fbund. The epitope was 

29 confirmed, however^ by an independent approach. Overlapping octapeptides spanning ttie entire ORF were 
synthesized and used to test an anti-E4 antiserum by ELI8A. Four subsequent peptides covering a total of 
14 amlnoadds (Position 17-20) were shown to bind ttie immunoglobulins <rf the rabbit sere (Rg. 3). Peptide 
17 Is contained completely within the fd-cterived epitope (Table 2) but Is bveriapping wHh peptide 20 by 
only one aminoadd. Therefore, it is not dear whettier there are actually two adjacent epitope wittiln the E4 

30 protein or whettier peptide 20 Is t)indlrig immunoglobulins in a sequence independent manner, to fact, such 
an unspedfic binding is likely to be ttie case for the peptides S/B and 40 (f=ig. 3) since ttie adjacent 
octapeptides overiapping by six amino adds are completely negative, bi additton. only ttie synttietic peptide 
derived from ttie reactive region around peptide 20 but not from the ottier regions (Fig. '3) was found to 
react with the rabbit anti-serum by EUSA. Therefore unspedfic t)indlng due to some aterant products 

as syhttiesized onto the plastic pins could be the reason for the positive reaction at positions 5^ and 40. 

The methods used in the present Invention solely penmit ttie identification of Knear but not of 
conformatimal epHopes. Therefore, it is an open question whether within the native proteins these domains 
are actually e)qx>sed to ttie immune sy^em. In case of the E7 epitopes this appeare to be rather fikely 
since they aire completely overiapping wttti or Immedis^ly adjacent to ttie putative E7 binding sites to ttie 

40 retinoblastoma protein and since the respective oDgopieptide was shown to react with human sera; A similar 
observation was made fbr ttie peptide of ttie LI ORF cdmpletoly contained within ttie region Lt-830 (Table 

The identtfied epitopes can be used as antigens for tiie screening of human sera fbr the presence of 
anfl-HPV16 antibodies. It Is ah important question In this context whettier wHhlri a gNen protein all epitopes 
45 have been identified. In the animal systems preincubation of the sera wHh synthetic jpeptides of ttie E4 and 
E7 epitopes prior to ttie reaction witti ttie respective foslon proteins in Westenn-Blot experiments resulted In 
ah almost complete loss of the signal (see also Fig. 3) indfcaUng that actually ho major epitope has been 
missed. 

The Identified epitopes of the differant proteins of HPV16 should be useful as reagents in order to 
60 define the piattem of antflbodies prosent In patients with HPV assodated diseases as well as in healthy 
controls. Bacterial strains and phages: The filanrientoust phage derivative fiise 1 (fd-tet-JO); Sdence 228, 
1319-1317 (1^135). Gene 73. 305-318 (1988)) was used as expression systeni for HPV18 genomic DNA 
fragments in the unique PVUii site of fuse 1. For transformation witti the fuse 1 vedbr the EcoR strain Ic802 
(F galK2 galT22 metBI supE44 hsdr2) (J. of Mblec Biol. 18. 11&-133 (1988)) was used. The tetracydln 
65 resistant colonies aro produdng bacteriophages which are not Infoctipus for ttiie strain because of Its F- 
phienotype. Fbr plating of ttie recombinant phages E. coB strain K91 (F+, derivative of IC38; \/irotogy 49. 45- 
60 (1972)) was used. Bacterial transformation was done according to J. of Molec. Biol. 168, 557-580 (1983). 
Insertion of a DNA fragment of tfie size 3n + 2 nudeotides wtttiout Internal stop codons for translation is 
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restoring a frameshifl mutation wfthin the gene 111 of M which prevents pitxluction of Infectious progeny. 

Antlsera: Polyclonal rabbit antlsera prepared against an MS2 polymerase (Virology 145. 181^185 (1985)) 
or CII-HPV 16 E4 fiidon protein or raised against a MS2 polymerase HPV16 E7 fusion protein were used. 
The E7 fusion part Includes the amino adds from nt position 585 to 855, the E4 fusion parts the amino 
0 adds from nt po^on 3399^617 on the HPV16 genome. Two different anti E7 monoclonal antibodies raised 
against the same fusion protein were used (E7 11 and E7 IV, J, Qen. Virol. 68. 2933-2938 (1987)). 

The antl-HPV16 E8 antiserum was prepared against an MS2 polymerase fusion containing the main part 
of the E8 OFIF (nt position 110 to 556. Virology 145. 181-185 (1985)). 

Two different polydonal rabbit amtlsera prepared against the N-terminal (LIAIart ppslflon 5692 to Ml 9) 
10 and the C-tenninal part (nt position 6819 to 7152) of HPV16 11 fused to the N t^lnus of the 1^452 
polymerase were u^ (Virology 145. 181-185 (1985)). 

Preparing the HPV16 fuse 1 expression ilbraiy: 5 g HPV16 plasmid DNA were sonicated for 120 sec to 
a fragment dze of approximately 1 kb arxl further dgested to about 300 bp with 0.02-2 units of DNase I for 
10 min at 15 C In the presence of 10 mM Mn+ The DNase I had been diluted and preincubated for 1 h 
IS in a buffer containing 50 mM Tris pH 8A 10 mM MnC12 and 0,1 mg/m\ BSA. 

To obfain blunt ends the DMA fragments were treated for 60 mIn at 15* C with 15 unHs of T4 
polymerase and 10 units of E. con DMA iigase and 100 M of each of the four deoxynlwuideolides. The 
DNA was then figated Into the unique PVUII site of fuse 1. Competent E. coH K802 (F-) were transformed 
with the Bgated DNA and plated on LM tetpiates. Approximately a total off 3x104 tetracycfln resistant phage 
20 producing colonies were obtained from eight different experiments. To obtain the recombinant phages the 
colonies were rinsed with LM. This ampfiflcation yielded In eight cfifferent libraries with a toai number of 
approximatoly 5 x 1012 Infectious partides but resulted also In an underrepresentatlon of certain recom- 
binants. 

The phage suspensions were centrifuged and heated for 10 mIn at 65*C to remove the remaining 
^ bacteria. Unless Indicated othenyise these amplified Obraries were kept separately and used fbr further 
experiments. 

Immunscreening: Between 2000 and 6000 phages were plated with 0.2 ml exponentially growing K91 
cells In 3S ml 0.5% agarose containing 10 mM MgS04 on minimal agar plates. Nitrocellulose replica were 
taken and Incubated further on fresh minimal plates for 6 h at 37* C to enhance the signals. Afterwards the 

30 filters were blocked for 60 mIn in 10% nonfatly milk-PBS and then incubated overnight In 5% mfflc-PBS 
containing an 1 : 100 - 1 : 1000 dilution of HPV specific antlsera (preadsorbed wHh sonicated K91 cells) or 
monoclonal antibodies. The filtere were then washed 5 times for 5 min in PBS/0.1% Tween 20 and 
lncut>ate d for 3 h at room temperature with goat^mtl-fabbit (or antl-mouse)-peroxldase antibodies (1 : 1000) 
In 5% nonfatly milic After washing the filtere were stained In 50 ml PBS containing 30 mg diamirrabenzldlne. 

36 30IH202and15mlNiSCM. RnaIlythefiltBrawerewashedinH20fbr30minand^ 

Preparation of ^ngte stranded DNA of fuse 1 recombinants: A protocol similar to prevtously described 
procedures was used (Proa NaL Acad. Sd. USA 74. 5463^5467 (1977)). 50 ml LM were Inoculated wHh tet 
re^stwit E. coD K91 haboring the fuse 1 plasmid ami incubated for 16 h at 37' C. The bacteria were then 
pelleted at 6000 rpm for 30 min. After adding 2 ml 40% PEG 6000 and 2 ml of 5 M sodiumacetat, pH 6.5 to 

40 the ^ipemataot the phages were predpltated for. 60 min at O' C and then predpHs^ at 6000 ipm for 60 
mIn. The pellet was resuspended In 0.3 ml TE. After two extractions with phenol the DMA was precipitated. 
Appraximateiy 25% of such preparations yrere used for one s^^^ 

Sequencing: Fbr DMA sequendrig tfie stanctod USB StzOes Biochemlcals) protoo)! (USB. 1987) 

was used and ttie universal primer was replaced by a 2dmer oOgonudeotide j^- 

45 TCCAQACaTTAQTAAATQAA^*). An example of a sequencing reaction Is given 

Peptide-synthesis: A set of overlapping peptides coaesponding to the HPVI 6 E4 ORF was syntfiesized 
on the tips of polyetfiylene rods essentially foflowing ttie strstegy described in Proa NaL Acad. Sd. 82. 178 
(1985); Proc. Nati. Acad, Sd. 81, 3998 (1085). 

The polyetfiylene rods derivatized wtth beta^anlne were obtained finom CRB. Ehgland^Devlaflng from 

60 ttie protocol recommended by Geysen tiie protein sequence was divided into octamer peptides overlapping 
by six residues and tfie syntiiesis was canied out using Fmoc-chemlstry and In sKu activation by BOP 
(Castro's reagent) (Tetrahedron UtL 14. 1219 (1975)). Fmoc amino add derlvaflves (8 micromdes) BOP 
and N-mettiyl morphoUne solutions were distributed Into polyettiylene reaction trays (CRB) according to ttie 
respective peptide mquences being syntfiesized. All ottier reactions were canted out according to ttie CRB 

55 protocol. As positive control ttie peptide RPOYLDFA was synttieslzed togetfier with tfie HPVie spedfic 
peptides and tested wHh an appropriate antiserum by EUSA. 



EUSA wWi octapeptides: Antibody detection on rod coupled octapeptides: 
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All tests were made on peptides covatently bound to the polyethylene pins on which they have 
originally been synthesized. Racks with 86 pins, fixed in a conflguraHon that allows Insertion Into the wells of 
a microtitratlon tray were used. Incubations for EUSA were made while sticking the pins into the weHs The 
rods were washed with metha-nol an PBS and then blocked with 0.25% geiantine. 0.1% Tween 20 In PBS 

5 for 2 h at 37 C followed by Incubation with sera diluted 1 : 200 - 1 : 4000 in 0.125% geiantine 0 05% 
Tween 20 for 1 h at 37 C. After washing with PBS/ 0.1% Tween 20 the pins were incubated for 1* h at 
37 C with Protein Arperoxidase 1 : 4000 fbOowed by a further washing and staining with tetramethylben- 
zidine (TMB; V.a Hofland et al. (1874), Tetrahedron 30, 3299^2) for 15 min. Staining was terminated 
while lifting the rods out of the dye and adding of 100 i of 0.5 1^4 H2S04. The absorbtlon was measured In 

70 an automatic EUSA reader. To remove the antibody-enzyme-complex after EUSA testing the pins were 
sonicated 1 h (waferbath. 30 W. 48 kHz) at 60*C in PBSn% SDSA).1% /Hnercaptoethanol and finally 
washed with methanol. The efficiency of the dlsruptton procedure was tested by EUSA using Protein A- 
peroxidase without any primary serum. The same peptides were used more than 40 times In subseauent 
EUSAs. 

75 ' ■ 

Short descriptibn of the Tat>l^ and Rgures: 
Table 1: 

20 HPVie DMA inserts representing the immunogente regkin 221 on HPVie E7. The E7-1 to E7-4 clones 
were identified by an anti E7 polyckMtal rabbit antisenim. Group E7-4 ck>nes are identical to those Identified 
with the mouse monoctonal antit)ody (type II) described in J. Gen. ViroK 

Table 2: 

25 

Immunogenic regions on the HPV18 proteins E4. E3. E7 and LI. TTie regions of E6 and E7 and L1-842 
are repre^nted in different fd ckwies. Fbr the E4 prot^ the epitope kJentifled by the overtapping 
octapeptides Is also shown. The conrespondlng nudeotU positions of the first amlnoadds and the last 
nucleotides of the last amlnoadds are indcaKed. Clone 830. covering the immunogenic region L1-830 codes 
30 for 88 amlnoadds. Ks sequence Is only presented in pat The number of indhddual clones representing the 
immunogenic regions are given In the last column. 

Fig. 1: \ 

35 Autoradlogram of a sequence reaction of fd done 107 (see Table 2). The DMA sequence of the done 
insert obtained with the sequendng primer, the conesponding coding sequences as well as the translated 
amlnoadds aro shown. Capital letters are Indicating the HPV16 part of the DMA sequence. 

Fig. 2: 

40 / . • • . 

Inhibition of ImmunostainIng of MS2 polymerase ^ HPV16 E7 fusion piotdn with monoclonal antibodies 
by bacteriophages carrying tfie immunogenic region E7-221. 

WestenvCiot stripes stained with the monodonal aritibody type IV ag^^ 
preadsorbed with preparations of different phage dones and Incubated with the stripes cbntalhing a HPV18 

45 E7-MS2 fusion protein. Only preparations of phage particles of done 221 (lanes b and d; different 
concentratlpns of phage particles used for absorption; fbr done numbers see Table 1) or clone 108 (lane e) 
can react with the monoclonal antibodies therefore preventing the reaction with the fusion protein on the 
stripes. Clones 209 Ganes c and f. different concentrations of phage partides) or 212 (g) do not interfere 
with staining of the protein. In lane a the antibodies were preabsort>ed without phage partides, in lane h 

50 they were incubated with partides containing an insert not related to E7 sequences. 

Fig. 3: 

EUSA of overtapping octapeptides representing the HPV16 E4 ORF. The 45 peptides were incubated 
55 first with a polydonal rabm antisemm agairist HPVie E7 followed by Incubation with Protein Aperoxldase 
complex. The peptides were stained as described above and the Extinction was measured. A very similar 
pattern was obtairied in four different experiments using two individual antisera. 
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Example 1 

Identification of epttopee on HPV16-E7 protein using ttie fd expression library: 

5 Approximately 25000 recombinant bacteriophages obtained from separately constructed HPVI&fd 
expression libraries were plated on^ E. cofi cells as described above. A total of 230 recombinants could be 
Wentlfi^J by screening YAfh a polyclonal rabbit anflsemm raised against an MS2 pqiymerase4iPVl6 E7 
fusion protein. Rfty-four of these recombinants were plated individually and rescreened, 31 of which 
ramalned positive after two to three subsequent screening steps and were further analysed: Baderibphage 

10 particles were produced and the single stranded DMA prepared and used for sequencing as described 
atx>ve. The results are summarized in Table 1. All 31 phage clones were shown to contairi HPyi6-E7 
specific sequences representing two different genomic regions (E7-221 and E7-1 07) on the E7 ORF, 

Region E7-221 is represented by 22 clones which fall Into four groups of different dzes. Group E7-1 
consists of only one isolate of 68 nucleotides (bp 576 to bp 643). Groups E7-2. 3 and 4 are reprosented by 

IS 3. 9 and 9 clones, respectively, all of which aro shorter than the E7-1 done and overlap between the 
nucleotide position 589 to 61& Theroforo. the smallest identi-fied epitope is ropresentsd by the amino add 
sequence EYMLDLQPET. 

Region E7-107 is represented by 9 clones of two different dasses overiapping by 41 nudeotides and 
the resulting epitope has the sequence GPAGQAEPNRAHY (bp 679 to bp 717. Table 2). 

20 

Example 2 

identification of epitopes HPV16-E6 protein 

25 UnOke in case of E7 it was not possible to identify E6 po^tive bacteriophages by screening an 
equivalent number of recombinants as beforo with a polydonal rabbit anti-serum prepared against the MS2 
polymerase-HPV16 E6 fusion protoin. This may be explained by an underrepresentation of such dones in 
the ph^e library obtained from the original colonies. 

To Identify E6 reacting phages tlie immunoglobulin fraction of the anti-E6 rabt)it serum was bourtd to 

30 Protein ArSepharose. Approximately 1010 bacteriophages obtained as a pod of seven differont HPV16 
libraries constmcted by individual ligation of sheared and ONase I digested HPV16 ONA of the M plasmid 
wero incubated with the Protein A-sepharose-immunoglotMjlin complexes. The spedficaily txxmd bac- 
teriophages wero eluted and plated on E. coH K91. Approximately 3000 plaques were obtained. Fbr 
amplification ttie phages were suspended In medium and plated again. 

35 in order to test the effidency of the enrichment step identical numbers of recomb^ 

Protein A column were plated and hybridized with HPV16 DMA probes specific for the E6 (nt 24-654) or the 
E4 (nt 2714-3693) ORF. By comparison with the hybridisation of the original rocombinante an appnndmately 
20-fdd enrichment of E6 positive phages were calculated. As the Immunoreacttve recombinants express 
only a part of the E6 protein (see below) It was assumed that such recomblnante are even less prevalent in 

40 the original library and thus the tector of enrichment Is higher. In fact approximately 300 posHiye signals 
were obtained when phages were screened with , the same : EO antiserom used for the Protein A column. 
Fourteen of ttie positive repombinante were : rescreened, 9 of which were finally analysed by DMA 
sequencing and shown to fall into two difi^orent classes representing one region of the HI»V16 E6 ORF The 
overiapping sequence (bp 101 to 146) Is coding for the epitope AMFQDPQERPRKLPQ. 

4S 

Exampie 3 

Identification of epitopes on HPV16-t1 protein . 

60 Within the HPV16 LI protein three different Inununogenic regions were Wentlfled. 20000 recombinant 
bacteriophages of one HPV16 fibrary were screened with a rabbit antisenim raised against the H-termlnal 
part of the HPV16 LI ORF (bp 5695 to 6818). Twenty-five out of 80 positive signals were rescreened and 
eleven of them were sequenced. Three clones were shown to contain an kjenticai firagmertt of tfie HPV16 LI 
ORF, i.e. nt position 5998-^6 coding for the peptide PLLNiOJDDi^SASAYAANAQV^ 0-1^809; Table 

55 2). All the other eight dones contained an Insert (nt position 6307-6570) coding fbr an 88 aminoadds long 
peptide KCTSICKyPD — SDAQIFNKPY; L1-830). 

Screening of 8000 recomblnante of the same IHPV16 library with a potydond rabbft antiserum raised 
against the C-terminal part of HPV16 LI (bp 6818 to 7152) resulted in 52 positive recombinants. Six of them 
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were confirmed by repealed rescreening and their Inserts sequenced. All clones were shown to belong to 
the same Immunogenic region (L1-842. Table 2), The insert of two clones (842. nt 6922-6966) codes fbr the 
peptide KHTPPAPKEDDPUCK which Is overlapping by three aminoaclds with the Insert of clone 877 (nt 
6958-7023) coding for the peptide UOCYTFWEVNLKEKFSADLDQF, A third group of recombinants (905- nt 
6 6907-7017) represented by four clones is overlapping with the clones 842 and 877 and is coding for the 
37mer peptide (AIACQKHTPPAPKEDDPLKKYTFV^^U<^ Since the common sequence of all 

three clones consists of only three aminpadds (LKig there are probably two Independent binding sites 
within the region L1-842 (nt 6907-7023) although the existence of such a short epitope cannot be excluded. 

10 Example 4 

Identification of epitopes on HPV16-E4 protein 

To Identify E4 epitopes the same library as for LI was used. By screening wHh an antl-E4 senim 
16 prepared against an MS2-fuslon-proteln 28 recombinants were IdentHied. Three of them were analysed by 
sequencing and were shown to contain the HPV16 E4-QRF specific insert (nt position 3422 to 3466) 
conBsponding to the peptide IPKPSPWAPKK. 

Example 5 

, Identification of the binding site of an anti E7 monoclonal mouse antibody: 

As described for the Identification of E6 sr^dflc epltor^ 1010 phages obtained from seven different 
HPV16 fd-nbraries were bound to Protein A-Sepharose-lgQ (mouse monoclonaO complexes. After elutlon 

25 approximately 300 recombinants were obtained, plated and suspended In LM, 500 recombinants of this 
subfibrary were screened wHh the anti HPVie E7 monoclonal antibody de-signated II. Two of the clones 
were sequenced after three steps of rescreening. Both denes were shown to contain an insert Identical with 
the Insert of clones of group 4 of the Immunogenic region 221 of the HPVIS E7 ORF (Table 1). 

In order to determine whether all different clones of the Inununogenic region 221 t>ind HPV16 anti-E7 

90 monoclonal antibodies competition assays were pertonned. MS2 polymerase^ fusion protein on Western- 
Blot strips was stained with two different monoclonal antibodies (E7 II and E7 IV, J. Chem. Virol. 68. 2933- 
2938 (1987)). Purified recomtrinant bactedophage particles canrylng the group 1 to 4 epitopes (Table 1) 
were used for preadsorption of the monoclonai antibodies before immunostaining of the Westem-Blot No 
difference was observed when the monoclonal antibody E7 IV was used for staining. As shown in Rg. 2 

35 only bacteriophage particies of group 1 and 4 prevent the binding of the monoclonal antibody E7 II to the 
E7 protein. Therefore, it was concluded that there Is at least one additional binding stte for antibodies 
adjacent to ttie epitope EYMU3LQPET of the immunogenic region E7-22I described above. 

Example 6 

40 " 

identification of Immunogenic regions on the HPV16 E4 protein by tesUng overlapping peptides: 

Fburty-five octapeptides representing tiie HPVie E4 ORF were syntfieslzed on polyethylene pins as 
described above. 

45 The peptides were overiapping by six amirioadds tiius peptide number one represents aminoaclds 1 to 
8 of the HPVie E4 ORF, peptide nunrnber two enconipasses aminoadds 3 to 10 and so on. The peptides 
were Incubated wfth the polyclonal rabbit antiserum raised against an MS2-HPV16 E4 fuslbn protein 
mentioned above. Rabbit Immunoglobulins were detected by Incutjation wfth Protein Aperoxidase ram- 
plexes followed by staining w«h TMB as described in Mateilals and Mettwds. As shown In Rg. 4 a major 

60 cluster of antibody binding peptides was obtained with the rabbit antiserum, n includes the peptide 
KPSPWAPKKHRRLS of the HPV18 E4 OFIF. TWs sequence is partially included in ttie reactive region 
Identified by tiie Immunoscreening (Table 3). Testirig of the peptides witti an Independentty produced rabbit 
antiserum prepared against an ClI-HPVie E4 fusion protein resulted In a very similar pattern compared to 
that obtained witii the anti-MS2 E4 antisenim (data not shown). Incubation with rabbit control sera or wHh 

65 Protein Aperoxidase alone gave no significant signals. Additicml signals obtained witfi single peptides (e.g. 
peptide no. 40; see Fig. 3) are very likely not Indicating a specific immunoglobulin binding epitope since In 
contrast to ttie neptide kPSPWAPKKHRLS syntiietic oligopeptides derived from ttiese regions fail to react 
witti the antisera In EUSA (data not shown). 
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65 Clafms 

1. Seroreactivo epitopes of the HPV16 protein E4 characterized by one of the following aminoadd 
sequences 
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L IPKPSPWAPKK 

IL KPSPWAPKKHRRLS. 

2. Sororeacfive epitopes of the HPVie protein E8 characterized by one of the following amino add 
sequences 

1. LSFIHFMHQKRTAMFQDPQERPRKLPQ 

IL AMFQDPQERPRKLPQLCTELQTTIHDIILEa 

3- Seroreactive epitopes of the HPVie protein E7(-221) characterized by one of the following amino add 
sequences 

I. PTLHEYMLDLQPETTDLYCYEQ 

II. HEYMLDLQPET 

III. TLHEYMLDLQPETTD 

IV. EYMLDLQPETTDLY, 

4. SeroreacBve epitopes of the HPV16 protein E7(.l 07) characterized by one of the following amino acid 
sequences 

I, DEIDQPAGQAEPDRAHY 
IL GPAGQAEPDRAHYNL 

a Seroreacth^ epitopes of the HPV18 protein L1(-809) characterized by the amino add sequence 
PIOJ^KLDDTENASAYAANAGVDN, 

6. Seroreactive epitopes of the HPV16 protein L1(-830) characterized by one of the following amino add 
sequences 

L ICTSICKYPN-SNAQIFNKPY 

II. ICTSICKVPOYIKMVSEPYGOSlJTYIJmEC^FVm VPOOLYIKGSGSTANLASS- 
NYFPTPSGSI^^VTSDAQIFNKPY 

7. Seroreactive epitopes of the HPV16 protein L1(*84Q characterized by one of the following amino add 
sequences 

I. KHTPPAPKEDOPLKK 

II. AIACQKHTPPAPKEDDPLKKYTFWEVNLKEKF^ 

III. UOCYTFWEVNLKEKFSADLDQF 

8. Peptides characterized In that they contain one or several of the seroreactive epitopes according to 
claims 1 through 7. 

9. Vacdne characterized in thattfo^talAs one or several cff the peptides according to claim a 

10. Diagnostic lot for the identifi^Qn of specific ar^'bodles- ag^st HPVIO E4. EO. E7 or LI protolns 
characterized Iri that it contains peptides according to claim 8. 

11. Monodonal antibodies characterized In that they have an affinity to the seroreacthre epitopes of the 
human HPV18 proteins according to daima 1 to 7. 

12. Diagnostic Mt which contains the monodonal antibody according to claim 11. 

ia Diagnostic agent accordlhg to daim 12 for tfte Identification of HPV16 specific proteins. 

14. Use of peptides according to dalm 8 Amt the productiori of ttie vacdne of dalm 9 or tfie diagnostic Wt of 
claim 10. 

Claims for the following Contracting States: ES, GR 

1. Process to manufacture a diagnostic Wt for tfie Identification of spedflc antibodies against HPVIO E4, 
E6, E7 or U proteins characterized In that peptides containing one or several of the epitopes 
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I. IPKPSPHAPKK 
ZI. KPSPWAPKKHRRLS . 

Z. LSSHFMHQKRTAMFQDPQERPRKLPiQ 

ZZ. AMFQDPQERPRKLPQLCTELQTTZHDZZLBC. 

Z. PTLHEYMLDLQPETTDLYCYEQ 
ZZ. HEYMLDLQPET 
ZZZ. TLHEYMLDLQPETTD 

ZV. EYMLDLQPETTDLY. iJIl 
Z. DEZ06PAGQAEPDRAHY 

(E7) 

ZZ. GPAGQAEPDRAHYMZ. -107 

PLUfKLDOTENASAYAANAGVDN. (LI) 

-809 

Z. ZCTSZCKYPN — SNAQZFMKPY 

ZZ. ZCTSZCKYPDYZXMVSEPYGOSLFFYUatEQNF 

(XiX) 

VRHLFMRAGTVGEMVPDDLYXXGSGSTAHLASS •830 
MYFPTPSGSMVTSDAQIFHKPY 

I . KHTPPAPKEDDPLKK 

II . AIACQKHTPPAPKEDDPXJOCZTFWSVNLRBKFS ,^ ^ , 
ADLD .342 

III. LKKYTFREVNLKEKFSAOLDQF 

are coated to a soDd phase such that antibodies directed to said epitopes are detectable by 
immunoassay techniques. 

Process according to claim 1. characterized in that the diagnostic kit Is an EUSA. 

Process to manufacture a diagnostic Idt to detect specific epitopes of HPV16 characterized In ttiat one 
or more of ttie epitopes used In claim 1 are taken to jwoduce monodonai antibodies whteh are 
subsequentiy coated to a solid phase such ttiat said specific epitopes are detectable. 

Process to manufacture a vaccine against HPY16 characterized in tiiat one or more of ttie peptides 
used In claim 1 are mixed witfi suitable adjuvants and canler. 
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Fig. 2 
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